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FEED ACCELERATOR SYSTEM INCLUDING
ACCELERATOR CONE

BACKGROUND OF THE INVENTION

Conventional sedimentation or filtration systems op-
erating under natural gravity have a limited capacity for
separating a fluid/particle or fluid/fluid mixture, other-
wise known as a feed slurry, having density differences
between the distinct phases of the slurry. Therefore,
industrial centrifuges that produce large centrifugal
acceleration forces, otherwise known as G-levels, have
advantages and thus are commonly used to accomplish
separation of the light and heavy phases. Various de-
signs of industrial centrifuges include, for example, the
decanter, screen-bowl, basket, and disc centrifuge.

Industrial centrifuges rotate at very high speeds in
order to produce large cenirifugal acceleration forces.
Several problems arise when the feed slurry is intro-
duced into the separation pool of the centrifuge with a

hinear circumferential speed less than that of the centri-
fuge bowl.

First, the centrifugal acceleration for separation is not
fully realized. The G-level might be only a fraction of
what 1s possible. The G-level is proportional to the
square of the effective acceleration efficiency. The lat-
ter 15 defined as the ratio of the actual linear circumfer-
ential speed of the feed slurry entering the separation
pool to the linear circumferential speed of the rotating
surface of the separation pool. For example, if the accel-
eration efficiency is 50 percent, the G-level is only 25
percent of what might be attained and the rate of sepa-
ration 1s correspondingly reduced.

Second, the difference in circamferential linear speed
between the slurry entering the separation pool and the
slurry within the separation pool which has been fully
accelerated by the rotating conveyor and bowl leads to
undesirable shppage, otherwise known as velocity dif-
ference, and this creates turbulence in the slurry lying
within the separation pool. Such turbulence results in
resuspension of the heavy phase, equivalent to a remix-
ing of the heavy phase material and the lighter phase
material.

- Third, because a portion of the separation pool is used
to accelerate the feed slurry, the useful volume of the
separation pool is reduced, and thus the separation effi-
ciency of the centrifuge is lessened.

Fourth, the feed slurry often exits the feed accelera-
tor of the centrifuge in a non-uniform flow pattern, such
as in concentrated streams or jets. In a decanter centri-
fuge, such a non-uniform flow entering the separation
pool causes remixing of the light and heavy phases, and
thus reduces the separation efficiency of the centrifuge.
In basket-type centrifuges, a non-uniform flow incident
upon the basket causes ridges and valleys which act
detrimentally upon the deliquoring of the resultant
product as well as upon any required washing of the
resultant product.

In view of these problems, it is desirable to incorpo-
rate feed acceleration enhancements into feed accelera-
tors so that the feed acceleration and separation effi-
ciency of the centrifuge are increased.

SUMMARY OF THE INVENTION

The feed accelerator system of the invention com-
prises a conveyor hub rotatably mounted substantially
concentrically within a rotating bowl, and a feed accel-
erator including a generally cone-shaped inside surface
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having an included angle of less than one hundred and
eighty degrees. The inside surface 1s disposed between
an accelerator base and an accelerator small diameter
section and the accelerator is secured to the conveyor
hub so that the accelerator rotates with the conveyor
hub. A distributor is secured to the small diameter sec-
tion by a distributor mounting apparatus and includes a
non-convex distributor surface having no sharp bends
or junctions.

A plurality of accelerator vanes 1s disposed on the
cone-shaped inside surface so as to form a plurality of
feed channels, the accelerator vanes generally extend-
ing proximately from the small diameter section and
terminating at a location on the cone-shaped inside
surface prior to the base so that an unvaned portion of
the cone-shaped inside surface forms a smoothener sec-
tion on the cone-shaped inside surface. A generally
cylindrical feed pipe is disposed within the centrifuge
for delivering a feed slurry having a determinable flow
rate to the accelerator. The feed pipe includes at least
one discharge opening located proximately to a feed
pipe end so that the discharge opening is positioned
proximately to and faces the distributor surface at a
stand-off distance.

‘The stand-off distance, feed slurry flow rate, diameter
of the discharge opening, location of the accelerator
vanes proximate to the small diameter section, and num-
ber of acceleration vanes are mutually coordinate and
generally within predetermined and appropriate ranges
so that such variables may be selected to achieve mini-
mum splash back of the feed slurry engaging the distrib-
utor surface, uniform distribution of the feed slurry into
the feed channels, circumferential flow uniformity,
maximum acceleration of the feed slurry, and maximum
separation efficiency.

Various acceleration vane configurations may be
used to increase the acceleration efficiency of the cen-
trifuge. Such configurations include radial extending
vanes, forwardly angled vanes, and forwardly curved
vanes. Wear resistant inserts may also be provided
within the feed channels formed by the vanes so as to
decrease the cost of repeated maintenance to the centri-
fuge,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A i1s a schematic cross-sectional view of a
decanter centrifuge including a cone-shaped accelerator
of the invention;

FIG. 1B 1s an enlarged cross-sectional view of the
cone-shaped hub accelerator of FIG. 1A;

FIG. 2 1s a cross-sectional view of a hub accelerator
of the invention;

FIG. 3 1s a schematic cross-sectional view of a basket
centrifuge including one embodiment of a cone-shaped
accelerator of the invention;

F1G. 4A 1s an axial view of a cone-shaped accelerator
having forwardly curved vanes;

FIG. 4B is an axial view of a cone-shaped accelerator
including forwardly curved vanes and a smoothener
section;

FIG. 5 is an axial view of a cone-shaped accelerator
including straight vanes and a smoothener section;

FIG. 6 1s an axial view of a cone-shaped accelerator
including forwardly angled vanes and a smoothener
section;

FI1G. 7 is a partial end view of a cone-shaped acceler-
ator having accelerator vanes and shrouds;
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F1G. 8 is a partial end view of a cone-shaped acceler-
ator including a secondary cone inside the cone-shaped
accelerator and accelerator vanes disposed between the
secondary cone and the cone-shaped accelerator:

FIG. 9A i1s a cross-sectional view of one embodiment
of the feed accelerator system of the invention:

FIG. 9B 1s a cross-sectional view of another embodi-
ment of the feed accelerator system of the invention:;
and

FIG. 9C is a cross-sectional view of another embodi-
ment of the feed accelerator system the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1A shows a decanter centrifuge 10 of the inven-
tion for separating heavier-phase substances, such as
solids, from lighter-phase substances, such as liquids.
The centrifuge 10 includes a bowl 12 having a generally
cylindrical clarifier section 14 adjacent to a tapered
beach section 16, at least one lighter-phase discharge
port 18 communicating with the clarifying section 14,
and at least one heavier-phase discharge port 20 com-
municating with the tapered beach section 16. A screw-
type conveyor 22 is rotatably mounted substantially
concentrically within the bowl 12, and includes 2 heli-
cal blade 24 disposed about a conveyor hub 26 having a
first hub section 45 and a second hub section 47, and a
feed distributor and accelerator secured thereto. As
shown in FIGS. 1A and 1B, the preferred embodiment
of the invention includes a cone accelerator 43 having a
distributor surface 37, a generally cone-shaped inside
surface 29, and accelerator vanes 39 attached thereto
and extending outwardly from the distributor surface
37. The bowl 12 and conveyor 22 rotate at high speeds
via a driving mechanism (not shown) but at different
angular velocities about an axis of rotation 30.

A feed slurry 32 having, for example, solids 50 sus-
pended in liquid 52, is introduced into the centrifuge 10
through a generally cylindrical feed pipe 34 disposed
within the conveyor hub 26 by a mounting apparatus
(not shown) at a predetermined and appropriate stand-
off distance D from a non-convex distributor surface 37
of the cone accelerator 43. As shown in FIG. 1A, a feed
pipe baffle 36 is secured to the feed pipe 34 to prevent
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the feed slurry 32 from flowing back along the outside 45

surface of the feed pipe 34 and the inside surface 42 of
the conveyor hub 26. Alternatively, the baffle 36 may
be attached to the inside surface 42 of the conveyor hub
26. The feed slurry 32, having a determinable flow rate,
exits the feed pipe 34 through a discharge opening 38
proximate to the end of the feed pipe 34, and engages
the distributor surface 37 and the vanes 39.

The feed slurry 32 exits the conveyor hub 26 through
a passageway 44 formed by the first and second hub
sections 45 and 47 of the conveyor hub 26, and enters
the zone A—A formed between the conveyor hub 26
and the bowl 12. The feed slurry 32 then forms a separa-
tion pool 46 having a pool surface 46A within the zone
A—A, adjacent to the mnside surface of the bowl 12. As
shown in FIG. 1A, the depth of the separation pool 46
is determined by the radial location of one or more
dams 48 positioned between the liquid discharge port 18
and the separation pool 46.

The centrifugal force acting within the separation
pool 46 causes the suspended solids 50 in the separation
pool 46 10 sediment on the inner surface 54 of the bowl
12. The sedimented solids 50 are conveyed “up” the
tapered beach section 16 by the differential speed rela-
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tive to the bowl 12 of the helical blade 24 of the con-
veyor 22, pass over a spillover lip 56 proximate to the
solids discharge port 20, and exit the centrifuge 10 via
the solids discharge port 20. The liquid 52 leaves the
centrifuge 10 through the liquid discharge port 18 after
flowing over the dam(s) 48. Persons skilled in the certri-
fuge art will appreciate that the separation of heavier-
phase substances from lighter phase-substances can be
accomplished by other similar devices.

Conventional feed distributors and accelerators do -
not accelerate the feed slurry 32 to the linear circumfer-
ential speed of the separation pool surface 46A, with the
consequences of reduced acceleration efficiency and
separation efficiency of the centrifuge. Therefore, it is
desirable to equip the feed accelerator with feed slurry
acceleration and circumferential flow uniformity en-
hancements that result in maximum acceleration and
separation effictiency. Of particular importance is to
select a stand-off distance D of the discharge opening 38
from the distributor surface 37 so as to maintain. within
preselected and appropriate limits, and in coordination
with the feed pipe 34 diameter and the feed slurry flow
rate, the gravitational droop of the feed slurry 32 exiting
the discharge opening 38. Also important is to shape the
distributor surface 37 in relationship to the cone-shaped
inside surface 29 and vanes 39 so as to avoid splashback
of the feed slurry 32 with resultant loss of contact of the
feed slurry 32 with the cone accelerator 43 and conse-
quent loss of accelerator efficiency. It is also important
to coordinate the combination of the stand-off distance
D, feed slurry 32 flow rate, diameter of the discharge
opening 38, starting location of the accelerator vanes 39
proximate to the distributor surface 37, and number of
accelerator vanes so as to achieve minimum splashback
of the feed slurry 32 engaging the distributor surface 37,
uniform distribution of feed slurry into the feed chan-
nels 58, circumferential flow uniformity, maximum ac-
celeration efficiency of the feed slurry 32, and maximum
separation efficiency of the centrifuge 10.

The preferred embodiment of the feed accelerator of
the invention is shown in FIG. 1B with the helical blade
24 removed for clarity. A ring-shaped passageway 44 is
formed between the first and second conveyor hub
sections 45 and 47. A cone-shaped accelerator 43 in-
cluding a cone-shaped inside surface 29 having an in-
cluded angle of less than one hundred and eighty de-
grees 1s disposed between the first and second hub sec-
tions 45 and 47. The inside surface 29 is disposed be-
tween an accelerator base 31 and an accelerator small
diameter section 33.

Attached to the small diameter section 33 is a distrib-
utor 35 having a distributor surface 37. A plurality of
accelerator vanes 39 are disposed on the inside surface
29. The number of acceleration vanes 39 is selected
according to the flow rate and viscosity of the feed
shurry 32. Although accelerator vanes 39 increase accel-
eration efficiency, they cause the feed slurry 32 to exit
the cone-shaped accelerator 43 in concentrated streams
or jets. FIG. 4A shows that as the feed slurry 32 flows
outwardly from the distributor surface 37, the slurry 32
builds up along the leading face 92 of each accelerator
vane 39 and flows in a generally outward direction
while following the contour of leading face 92. Most of
the flow of feed slurry 32 accumulates in a concentrated
stream flowing along leading face 92.

If the accelerator vanes 39 extend to the base 31 of the
cone accelerator 43, the feed slurry 32 exits the acceler-
ator 1in concentrated streams or jets. When such streams
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or jets enter the separation pool 46, they have the effect
of remixing the feed slurry 32 already separated in the
pool 46, thus resulting in reduced separation efficiency.
To avoid this remixing, acceleration vanes 39 terminate
before the base 31 of the cone accelerator 43, thus form-
ing an unvaned smoothener section 41. As shown in
FIG. 4B, when the feed slurry 32 reaches the smoo-
thener section 41, the differential speed between the
feed slurry stream and the cone inside surface of the
smoothener section 41 causes the streams or jets of feed
slurry 32 to smear out circumferentially, thus depositing
a smoother or more circumferentially uniform flow into
the separation pool 46, thereby reducing remixing and
Increasing separation efficiency. In certain applications,
the accelerator base 31 may be below the pool surface
46A of the separation pool 46 in which case the acceler-

6

The cone-shaped accelerator 43 of the invention may
also be used 1n several types of basket centrifuges well
known in the industry. For example, the two-stage

- pusher-type centrifuge 60 of FIG. 3 includes a rotating

10

15

ation vanes 39 should terminate before reaching the

pool surface 46A so that the unvaned portion of the
cone-shaped inside surface 29 above the pool surface
46A would act as a smoothener 41.

In FIG. 1B the cone-shaped accelerator 43 is secured
to the first hub section 45 and secured to the second hub
section 47 by attachment rib structures 49 extending
from the second hub section 47 to the cone-shaped
inside surface 29. Alternatively, the attachment rib
structures 49 may be secured to or made integral with
several of the accelerator vanes 39. As shown, the base
31 of the cone-shaped accelerator 43 extends into and
beyond the passageway 44 proximate to the separation
pool surface 46A. It 1s understood, however, that the
base 31 may extend only to the passageway 44, or be-
yond the passageway 44, or into the separation pool 46.

FIG. 2 shows an embodiment of a hub accelerator 28
of the invention with the helical blade 24 removed for
clarity. The hub accelerator 28 includes a cone-shaped
inside surface 29 having an included angle of less than
one hundred and eighty degrees. The inside surface 29
is disposed between an accelerator base 31 and an accel-
erator small diameter section 33. A feed distributor 35
having a distributor surface 37 is removably secured to
the small diameter section 33 by a mounting apparatus,
as more fully described below. A plurality of accelera-
tor vanes 39 are disposed on the inside surface 29 and
extend from the small diameter section 33 to the base 31.

After engaging the distributor surface 37, the feed
slurry 32 flows into the feed channels formed by the
accelerator vanes 39. After acceleration by the vanes
39, the feed slurry 32 exits the feed channels and forms
a slurry pool 40 in the inside surface 42 of the conveyor
hub 26. The feed slurry 32 then travels along the inside
surface 42 of the conveyor hub 26 before exiting the
conveyor hub 26 through a plurality of passageways 44
formed in the wall of the conveyor hub 26.

The use of accelerator vanes 39 on the inside surface
29 of the hub accelerator 28, or other cone-shaped ac-
celerators, 1s effective as a feed accelerator enhance-
ment because such vanes 39 apply a force to the feed
slurry 32 in the direction of rotation of the conveyor
hub 26. More specifically, as shown in FIG. 4A, the
leading face 92 of each vane 39 applies a circumferential
pressure force to the feed slhurry 32 so as to increase the
tangential velocity of the feed slurry 32 flowing from
the distributor to the zone A—A. Without such vanes
39, the feed slurry 32 achieves its tangential velocity
only through the action of relatively weak viscous

forces acting at the inside surface 29 of the accelerator
28.
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and reciprocating first-stage basket 62 (mechanism not
shown) having perforations 63 for removing separated
liquid 52, the basket 62 rotatably mounted to shaft 64
actuated by a power supply (not shown). The first-stage
basket 62 is disposed within a second-stage basket 66
having perforations 65 for removing additional sepa-
rated liquid 52, such basket 66 rotatably mounted to
shaft 68 actuated by the power supply. A stationary
solids discharge chute 74 1s spaced from the outer edge
of the second-stage basket 66. Both the first- and se-
cond-stage baskets 64 and 66 are housed within a sta-
tionary and generally cylindrical housing 72 in which
separated liquids 52 collect.

A cone-shaped accelerator 43 having a plurality of
accelerator vanes 39 attached to the cone-shaped inside
surface 29 1s secured within the centrifuge 60 so that the
accelerator base 31 extends proximately to the inner
surface of the first-stage basket 62. A distributor 35
having a smoothly curved distributor surface 37 is at-
tached to the rotating but non-reciprocating circular
pusher plate 61, which in turn, 1s attached to the second-
stage basket 66 by struts 70. The rotating cone accelera-
tor 43 1s secured to the distributor 35 by a set of struts
37A or similar fasteners.

A feed pipe 34 having a discharge opening 38 proxi-
mate to and facing the distributor surface 37 at a stand-
off distance D delivers a feed slurry 32 into the pusher

centrifuge 60. After engaging the distributor surface 37,
as shown by the arrows in FIG. 3, the feed slurry 32

flows into the feed channels 58 formed by the accelera-
tor vanes 39, as shown i FIG. 4B. The accelerator
vanes 39 accelerate the feed slurry 32 to a rotational
speed up to or greater than the rotational speed of the
first-stage basket 62.

When the feed slurry 32 enters the smoothener sec-
tion 41, the concentrated streams or jets of feed slurry
32 caused by the accelerator vanes 39 are smeared out
into a smooth and circumferentially uniform flow pat-
tern. The feed slurry 32 is then deposited onto the inside
surface of the first-stage basket 62 where the centrifugal
force associated with rotation acts to separate the liquid
52 from the solids 50 of the feed slurry 32. A portion of
the liquid 52 is filtered through the feed slurry 32 and
drains into and through the first-stage basket perfora-
tions 63, from which it is directed into the housing 72.
The solids S0 retained on the first-stage basket 62 and
the remaining liquid 52 are then pushed onto the inside
surface of the second-stage basket 66 by a non-recip-
rocating pusher plate 61 rotatably attached to the se-
cond-stage basket 66 by struts 70 as the first-stage basket
62 translates leftwards, as shown in FIG. 3.

The rotating second-stage basket 66 generates a cen-
trifugal force, and the remaining liquid 52 of the feed
shurry 32 is forced through the second-stage basket 66
by perforations 65 and directed into the housing 72. The
outer edge 67 of the reciprocating first-stage basket 62,
as 1t translates rightwards, as shown in FIG. 3, acts as
another pusher plate to push the compacted and delig-
uored solids S0 remaining on the inside surface of the
second-stage basket 66 into the solids discharge chute
74 and out of the centrifuge 60.

Experimental tests were conducted to determine the
performance of the type of feed accelerator configura-
tion shown in FIG. 3, in particular the efficacy of smoo-
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thener section 41 of cone-shaped accelerator 43. The
tests were performed on a harvested sodium chloride
slurry that was initially treated to concentrate it and
remove much of the unwanted sulphate content. After
this 1nitial treatment, the sodium chloride was processed 5
in a two-stage pusher centrifuge similar to the one
shown in FIG. 3. The function of the centrifuge was to
reduce the water content and to wash it for the purpose
of reaching a low sulphate content in the sodium chlo-
ride crystals.

Originally, the pusher centrifuge had a conical feed
accelerator without vanes, with a semi-included angle
of 18 degrees, and a diameter at discharge of 10.2
inches. The modification consisted of installing sixteen
longitudinal vanes which terminated 1 inch before the
discharge diameter of the accelerating cone. Each ac-
celerating vane was 1.25 inches tall and 3.25 inches
long. In 1nitial tests, the maximum capacity of the cen-
trifuge was determined both before and after the modifi-
cation described, with results as follows:

10

15

20

Maximum Capacity
(tons per hour)

4.0
7.1

Before modification
After modification
(installation of vanes
and smoothener)

25

Moreover, in these initial tests the moisture and sul-
phate contents of the product salt crystals were respec- 30
tively comparable before and after the modification.
Visual observation showed that, notwithstanding the
concentration of the feed slurry at the driving faces of
the vanes after the modification, the smoothener section
was effective in restoring circumferential uniformity, as
evidenced by the absence of longitudinally running
ridges and valleys in the cake on both rotating baskets.
This uniformity lent itself to uniform washing of the salt
crystals downstream.

Further tests with a wide range of feed conditions
confirmed the improvement resulting from the modifi-
cation described, namely, the installation of sixteen
accelerating vanes together with a smoothener. The
following are average values obtained for 12 tests prior
to the modification and for 6 tests subsequent to the
modification:

35

45

Before After
Moadification Modification
Capacity (tons per hour) 2.07 5.20 >0
Percentage of moisture 1.43% 1.39%
in product
Percentage of sulphates 0.023% 0.016%
in product

35

These results show that the modifications increased
the capacity by a factor of 2.5. At the same time, the
modifications resulted in reduced levels of both mois-
ture and sulphate content in the product salt crystals,
such reduced levels being advantageous.

The acceleration efficiency and separation efficiency
of industrial centrifuges, such as the aforementioned
devices, may be further increased by particular configu-
rations of accelerator vane 39. As shown in FIG. 4A,
the accelerator vanes 39 attached to the cone-shaped
inside surface 29 of a cone-shaped or hub accelerator
may be forwardly curved in the direction of rotation at
a forward discharge angle 100 so as to form a plurality

65
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of curved feed channels §8. FIG. 4B shows the plurality
of acceleration vanes 39 including a forward discharge
angle 100 terminating at a location prior to the base 31
forming an unvaned portion or smoothener section 41.
FIG. 4B also shows the flow pattern of feed slurry 32 as
observed in the rotating frame of the accelerator. The
forward curvature results in overspeeding of the feed
slurry 32, that is, an acceleration efficiency at the cone
accelerator base 31 greater than 100%. Such vanes 39
not only supply a greater circumferential speed to the
feed slurry 32, but also compensate for the loss of accel-
eration efficiency as the feed slurry 32 passes from the
radius at the cone base 31 to the larger radius at the
first-stage basket 62.

FIG. 5 shows a smoothener section 41 and a plurality
of accelerator vanes 39 extending radially from the
distributor surface 37 forming a plurality of wedge-
shaped feed channels 58. FIG. 6 shows a smoothener
section 41 and a plurality of accelerator vanes 39 for-
wardly angled in the direction of rotation and forming
a plurality of forwardly angled feed channels 38. It 1s
understood that the accelerator vanes 39 may be at-
tached perpendicularly to the inside surface 29 or at an
angle, preferably at an angle that guides the flow
toward the inside surface of the cone accelerator 43.

Acceleration efficiency may be further improved by
attaching a shroud 76 to the radially inward edge 75 of
each accelerator vane 39 oriented in the direction of
rotation, as shown in FIG. 7. Without such a shroud 76,
the feed slurry 32 may spill over the forward face 92 of
the vane 39, thus reducing acceleration efficiency. Al-
ternatively, as shown in FIG. 8, a second cone 78 may
be disposed adjacent to the first cone-shaped inside
surface 29 and the accelerator vanes 39 attached be-
tween. Such an arrangement forms enclosed feed chan-
nels S8 which eliminate any possibility that the feed
slurry 32 may spill over the forward face 92.

To reduce the cost of repeated maintenance to the
centrifuge, each feed channel 58 of the cone-shaped or
hub accelerator of the invention may include a wear
resistant insert corresponding to the shape of the feed
channel §8.

Acceleration efficiency of cone-shaped accelerators,
such as the aforementioned accelerators, is greatly in-
creased by improving the distribution of the feed slurry
32 from the feed pipe 34 to the accelerator vanes 39.
Because the feed slurry 32 flows on the distributor sur-
face 37 in a very thin film, usually on the order of a few
millimeters or less, it is desirable to use a feed accelera-
tor system including a distributor surface 37 having no
sharp bends or junctions which would otherwise cause
the flow of the feed slurry 32 to splash backwards, and
thus escape acceleration by the vanes.

As shown in FIG. 9A, the feed accelerator system
160 includes a feed distributor 35 removably attached to
the accelerator small diameter section 33 by a distribu-
tor mounting apparatus, such as a bolt 80 extending
from the small diameter section 33 and threaded into the
distributor 35. The distributor 35 includes a non-convex
distributor surface 37 having no sharp bends or junc-
tions. In the preferred embodiment, the distributor sur-
face 37 includes an approximate parabolic shape and
joins the cone-shaped inside surface 29 so as to form a
continuous accelerator inside surface having no sharp
bends or junctions, and so as to join the inside surface of
the cone accelerator 43 smoothly. Each accelerator
vane 39 extending from the outer edge 87 of the distrib-
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utor surface 37 includes a leading edge 88 generally
parallel to the axis of rotation 30.

Attached to the distributor surface 37 by an attach-
ment structure, shown as distributor vanes 86 or rods in
FIG. 9A, is a ring-shaped rotating baffle 84. The distrib-
utor vanes 86 assist in accelerating the feed slurry 32 as
the slurry 32 engages the distributor surface 37. The
ring-shaped rotating baffle 84 has an inner radius so as
to accept the feed pipe 34 entering the accelerator
through the accelerator base 31. The outer radius of the
rotating baffle 84 does not exceed the radius of the
leading edges 88 of the accelerating vanes 39 and is
positioned proximate to the rear end 89 of each leading
edge 88. The rotating baffle 84 acts to direct any feed
slurry 32 splashing back from the distributor surface 37
or flowing back along the outside of the feed pipe 34
into the feed channels 58 formed by the accelerator
vanes 39. A ring-shaped stationary baffle 82 is attached
to the feed pipe 34 proximate to the rotating baffle 84 so
as to form a viscous drag pump which directs any leak-
age of feed slurry 32 between the outer surface of the
feed pipe 34 and the rotating baffle 84 into the feed
channels 5§8. It is understood that the rotating baffle 84
and the stationary baffle 82 may be used separately.

An experimental rig was used to test the performance
of a feed accelerator system 160 similar to that shown in
FIG. 9A. The cone accelerator 28 of the feed accelera-
tor system 160 included a semi-included angle of 30
degrees and a radius at the accelerator base 31 of 10.0
inches. Sixteen accelerator vanes 39 were installed on
inside surface 29, spaced uniformly, and oriented in the
longitudinal direction, as shown in FIG. 5. Each accel-
erator vane 39 had a shroud 76 which extended to the
adjacent vane 39. The feed accelerator system 160 in-
cluded a distributor 35 with an approximately parabolic
distributor surface 37, a ring-shaped rotating baffle 84,
and a ring-shaped stationary baffle 82, all substantially
positioned as depicted in FIG. 9A. The feed pipe 34 had
a discharge opening 38 with an inside diameter of 1.5

10

15

20

23

30

35

inches, and was positioned at a stand-off distance D of 40

1.5 inches from non-convex, parabolic distributor sur-
face 37. t |

The conveyor hub 26 was rotated at a speed of ap-
proximately 2000 revolutions per minute. A preliminary
test, with the rotating baffle 84 and the stationary baffle
82 both absent, and with a flow rate of feed slurry 82
(modelled by water) of 240 gallons per minute, indi-
cated an acceleration efficiency of 62 percent. Subse-
quently, with the baffles 84 and 82 both in place, and at
the same flow rate of 240 gallons per minute, the accel-
eration efficiency was determined to be 97 percent. This
comparative test demonstrates the importance of a ro-
tating baffle 84 in assuring good distribution of feed
slurry 32 into the channels 58 formed by accelerator
vanes 39.

Another feed accelerator system 180 is shown in
FIG. 9B. Attached to the small diameter section 33 by
an attachment means, such as a bolt 80, is a distributor
35 having a flat distributor surface 37 extending for-
ward of the leading edge 88 of each accelerator vane 39.
The portion of the accelerator vanes 39 that extend
behind the flat distributor surface 37 redirects toward
the cone base 31 any feed slurry 32 that may initially
flow toward the small diameter section 33 after leaving
the flat distributor surface 37. The feed pipe 34 includes
a flow restrictor 90 for increasing the velocity of the
feed slurry 32 exiting the feed pipe 34 at the discharge
opening 38, thereby reducing the gravitational droop of

45
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the feed slurry 32 so as to improve the distribution of
the feed slurry 32.

An experimental test was performed on a municipal
sludge dewatering decanter centrifuge, similar to that of
FIG. 1B, but with a feed accelerator system 180 similar
to that shown in FIG. 9B. The objective was to evaluate
the performance of the feed accelerator system 180,
particularly the use of distributor 35 with flat surface 37
situated forward of leading edges 88 of accelerator
vanes 39, as well as the use of stationary baffle 82, both
in combination with accelerator vanes 39. Also present
was a flow restrictor 90 for increasing the velocity of
feed slurry 32 at the discharge opening 38 for the pur-
pose of reducing gravitational droop.

The cone had a semi-included angle of 30 degrees,
and a diameter at its discharge end of 13.83 inches. The
feed pipe inside diameter was 1.5 inches and the inside
diameter of constriction 90 was 1.0 inches. The stand-
off distance D was 1.5 inches. Eight longitudinal accel-
erator vanes were present in the accelerator cone, each
4-inch high.

A preliminary test using water as the feed was carried
out at a rotative speed of 1988 revolutions per minute
and a flow rate of 116 gallons per minute. The accelera-
tion efficiency was measured with distributor surface 37
situated both forward of leading edges 88 (as depicted in
FIG. 9B) and also rearward of leading edges 88, with
results as follows.

Position of Distributor

Surface 37 Acceleration Efficiency

Forward of leading edges 88 82%
by 1/16 inch
Rearward of leading edges 88 39%

by 1 7/16 inches

These results demonstrated the efficacy of the feed
accelerator system 180 shown in FIG. 9B.

In experimental tests of the centrifuge described in
the preceding paragraph, while treating municipal
sludge with operation at 3200 revolutions per minute,
the original performance of the centrifuge with a con-
ventional feed accelerator was compared with the per-
formance achieved when the feed accelerator system
180 of FIG. 9B was installed. The original performance
was greatly improved upon in two respects. First, origi-
nally there was a substantial leakage of the feed slurry
past the annular gap between the feed pipe 34 and the
inner surface of conveyor hub 26; this leakage was com-
pletely eliminated when distributor surface was posi-
tioned as shown in FIG. 9B. Second, the performance in
treating municipal sludge was improved substantially,
as shown by the following table:

Before After
Modification Modification
Capacity for handling 45 60
municipal feed (gallons
per minute)
Polymer pump setting 75% 85%
Percentage of solids in 15~16% 15-16%

sludge cake

It was concluded that, by using the feed accelerator
system 180 of FIG. 9B, 30% to 409% more gallons of
sludge per day can be processed, and that such separa-
tion requires only 13% more polymer consumption.
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These two figures in combination are equivalent to a
15% reduction in the amount of polymer per gallon of

sludge. In addition, the solids recovery was increased
from 86% to 96%, thus demonstrating that the feed

12

5. The feed accelerator system of claim 1 further
including

at least one rotating baffle secured to the distributor.

6. The feed accelerator system of claim 1 further

accelerator system 180 of FIG. 9B produces a clearer 5 including

effluent.

FIG. 9C depicts another feed accelerator system of

the invention. In this embodiment, the feed pipe 34
enters the cone-shaped accelerator of the feed accelera-
tor system 200 through the small diameter section 33. A
rotating bafile 84 having an inner radius for accepting
the feed pipe 34 is attached to the small diameter section
33 by an attachment apparatus, such as bolts 80. A dis-
tributor 35 having a flat surface 37 is attached to the
rotating baffle 84 by distributor vanes 86 or rods. The
leading edge 88 of each accelerator vane 39 is posi-
tioned between the rotating baffle 84 and the distributor
surface 37. The feed slurry 32 engaging the flat distribu-
tor surface 37 is generally directed into the feed chan-

10

15

nels 58 formed by the accelerator vanes 39. The feed 20

slurry 32 flowing toward the small diameter section 33
after leaving the distributor surface 37 is directed back
into the feed channels 58 by the rotating baffle 84.

It 1s understood that any of the aforementioned cone-
shaped or hub accelerator elements may include a wear
resistant material so as to reduce the cost of repeated
maintenance to the centrifuge.

What is claimed is:

1. A feed accelerator system for use in a centrifuge,
the system comprising

a conveyor hub rotatably mounted substantially con-

centrically within a rotating bowl, and

an accelerator including a generally cone-shaped

25

30

inside surface having an axially increasing diameter

to a discharge end, the inside surface disposed be-
tween an accelerator base and an accelerator small
diameter section,

wherein

the accelerator 1s secured within the conveyor hub so
that the accelerator rotates with the conveyor hub,

a distributor is proximate to the small diameter sec-
tion, the distributor surface including an approxi-
mately parabolic shape smoothly joining the cone-
shaped inside surface so as to form a continuous
accelerator inside surface, and

a plurality of accelerator vanes are disposed on the
cone-shaped inside surface so as to form a plurality
of feed channels, and generally extend proximately
from the small diameter section and terminate at a
location on the cone-shaped inside surface proxi-
mate to the base,

a feed pipe is disposed within the centrifuge for deliv-
ering a feed slurry to the accelerator, the feed pipe
including at least one discharge opening located
proximately to a feed pipe end so that the discharge
opening is positioned proximately to and faces the
distributor surface.

2. The feed accelerator system of claim 1 further

mcluding

at least one stationary baffle secured to the feed pipe.

3. The feed accelerator system of claim 1 further

including

at least one rotating baffle secured proximately to the
small diameter section.

4. The feed accelerator system of claim 1 further

including

at least one rotating baffle secured to the accelerator
vanes.
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at least one stationary baffle secured to the feed pipe
and at least one rotating baffle secured proximately
to the small. diameter section,
wherein
the rotating baffle includes a baffle opening for re-
ceiving the end of the feed pipe, and the rotating
baffle is positioned proximately to the stationary
baffle so that any feed slurry passing through the
baffle opening and an outside surface of the feed
pipe is directed into the accelerator vanes by the
stationary baffle and the rotating baffle.
7. The feed accelerator system of claim 1 further
including
at least one stationary baffle secured to the feed pipe
and at least one rotating baffle secured to the accel-
erator vanes,
wherein
the rotating baffle includes a baftle opening for re-
ceiving the end of the feed pipe, and the rotating
baffle is positioned proximately to the stationary
baffle so that any feed slurry passing through the
baffle opening and an outside surface of the feed
pipe is directed into the accelerator vanes by the
~ stationary baffle and the rotating baffle.
8. The feed accelerator system of claim 1 further
including
at least one stationary baftle secured to the feed pipe
and at least one rotating baffle secured to the dis-
tributor,
wherein
the rotating baffle includes a baffle opening for re-
ceiving the end of the feed pipe, and the rotating
baffle is positioned proximately to the stationary
baffle so that any feed slurry passing through the
baffle opening and an outside surface of the feed
pipe is directed into the accelerator vanes by the
stationary baffle and the rotating baffle.
9. The feed accelerator system of claim 3 wherein
the rotating baffle is secured to the small diameter
section by a plurality of baffle vanes.
10. The feed accelerator system of claim 3 wherein
the rotating baffle is secured to the small diameter
section by a plurality of baffle rods.
11. The feed accelerator system of claim 4 wherein
the rotating baffle is secured to the accelerator vanes
by a plurality of baffle vanes.
12. The feed accelerator system of claim 4 wherein
the rotating baffle is secured to the accelerator vanes
by a plurality of baffle rods.
13. The feed accelerator system of claim 5 wherein
the rotating baffle is secured to the distributor by a
plurality of baffle vanes.
14. The feed accelerator system of claim 5§ wherein
the rotating baffle is secured to the distributor by a
plurality of baffle rods.
15. The feed accelerator system of claim 1 wherein
the feed pipe enters the accelerator through the small
diameter section of the cone-shaped inside surface.
16. The feed accelerator system of claim 1 wherein
the feed pipe enters the accelerator through the accel-
erator base.
17. The feed accelerator system of claim 1 wherein
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the plurality of accelerator vanes are disposed per-
pendicularly to the cone-shaped inside surface and
extend axially and radially outward proximately
from the small diameter. section so as to form a
plurality of wedge-shaped feed channels on the 5
cone-shaped inside surface of the accelerator.

18. The feed accelerator system of claim 1 wherein

the plurality of accelerator vanes are disposed at an
angle to the cone-shaped inside surface and extend
axially and radially outward proximately from the 10
small diameter section so as to form a plurality of
wedge-shaped feed channels on the cone-shaped
inside surface of the accelerator.

19. The feed accelerator system of claim 1 wherein

the plurality of accelerator vanes are disposed per- 15
pendicularly to the cone-shaped inside surface and
are forwardly curved in the direction of rotation of
the accelerator so as to form a plurality of for-
wardly curved feed channels on the cone-shaped
inside surface of the accelerator. 20

20. The feed accelerator system of claim 1 wherein

the plurality of accelerator vanes are disposed at an
angle to the cone-shaped inside surface and are
forwardly curved in the direction of rotation of the
accelerator so as to form a plurality of forwardly 25
curved feed channels on the cone-shaped inside
surface of the accelerator.

21. The feed accelerator system of claim 1 wherein

the plurality of accelerator vanes are disposed per-
pendicularly to the cone-shaped inside surface and 30
are forwardly angled in the direction of rotation of
the accelerator so as to form a plurality of for-
wardly angled feed channels on the cone-shaped
inside surface of the accelerator.

22. The feed accelerator system of claim 1 wherein 35

the plurality of accelerator vanes are disposed at an
angle to the cone-shaped inside surface and are
forwardly angled in the direction of rotation of the
accelerator so as to form a plurality of forwardly
angled feed channels on the cone-shaped inside 40

- surface of the accelerator.
23. The feed accelerator system of claim 1 further
including

a secondary cone cooperating with the cone-shaped
inside surface of the accelerator so that the acceler- 45
ator vanes lie between the cone-shaped inside sur-
face and the secondary cone to form the plurality
of feed channels.

24. The feed accelerator system of claim 1 wherein
each accelerator vane includes at its radially inward 50
end an attached shroud extending within the accel-
erator in the direction of rotation of the conveyor

hub so as to form the feed channel.

25. The feed accelerator system of claim 1 wherein

the plurality of accelerator vanes extending proxi- 55
mately from the small diameter section terminate
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on the cone-shaped inside surface at the accelerator
base.

26. The feed accelerator system of claim 1 wherein

the plurality of accelerator vanes extending proxi-
mately from the small diameter section terminate at
a location on the cone-shaped inside surface prior
to the accelerator base so that an unvaned portion
of the inside surface forms a smoothener section.

27. The feed accelerator system of claim 1 wherein

the cone-shaped inside surface, the plurality of accel-
erator vanes, and the distributor surface include a
wear resistant material.

28. The feed accelerator system of claim 1 wherein

each feed channel includes a removable wear resis-
tant insert corresponding to the shape of the feed
channel.

29. The feed accelerator system of claim 1 wherein

the stand-off distance, the feed slurry flow rate, and
the diameter of the feed pipe are selected so as to
maintain, within a preselected and appropriate
range, the gravitational droop of the feed slurry
exiting the discharge opening.

30. The feed accelerator system of claim 1 wherein

the distributor 1s positioned proximate to the small
diameter section so that an outer diameter of the
distributor surface is proximate to a leading edge of
each accelerator vane.

31. The feed accelerator system of claim 1 wherein

each accelerator vane includes a leading edge posi-
tioned proximately to the small diameter section
and approximately parallel to the axis of rotation of
the accelerator.

32. The feed accelerator system of claim 1 wherein

the feed pipe 1s disposed concentrically within the
conveyor hub.

33. The feed accelerator system of claim 1 wherein

the accelerator base extends into a zone formed be-
tween the conveyor hub and the bowl.

34. The feed accelerator system of claim 33 wherein

the accelerator base extends into a slurry separation
pool located within the zone formed between the
conveyor hub and the bowl.

35. The feed accelerator system of claim 30 wherein

the

distributor is coaxial with the feed pipe.

36. The feed accelerator system of claim 1 wherein

a slurry separation pool having a pool surface is
formed on an inside surface of the centrifuge, and

the stand-off distance, feed slurry flow rate, diameter
of the feed pipe, starting location of the accelerator
vanes proximate to the small diameter section, and
number of accelerator vanes are selected so that
the feed slurry exits the accelerator at a linear cir-
cumferential speed greater than the linear circum-

ferential speed of the pool surface.
* ¥ *x % %k
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